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FIELD OF THE INVENTION 

The present invention relates generally to developing and digitally processing 
film, and more particularly to a method and system for self-service film processing. 



20 BACKGROUND OF THE INVENTION 

Images are used to communicate information and ideas. Images, including 
print pictures, film negatives, documents and thb like, are often digitized to produce a 
digital image that can then be instantly communicated, viewed, enhanced, modified, 
printed or stored. The flexibility of digital images, as well as the ability to instantly 
25 communicate digital images, has led to a rising demand for improved systems and 
methods for film processing and the digitization of film based images into digital 
images. Film based images are traditionally digitized by electronically scanning a 
film negative or film positive that has been conventionally developed using a wet 
chemical developing process, as generally described below. 
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Conventional film processing generally involves the customer dropping off or 
sending a roll of exposed film to a film development lab for conventional wet 
chemistry development, and then returning at some later time to pick up the prints and 
the developed negatives. Conventional wet chemistry photo processing systems have 
evolved to the point that the film can be processed within one hour. However, even 
with the advent of one-hour photo processing, the process generally involves a high 
degree of customer inconvenience. For example, picking up the prints and developed 
negatives often requires a second trip and the photographic prints and negatives can 
only be picked up when an attendant or technician is on duty. Another problem is that 
the pictures are often developed in view of the public. This can create problems when 
sensitive pictures are developed, such as in the case of trade secrets or confidential 
information. In the case of mailing developed negatives and the prints to the 
customer, there is always a possibility that the prints or negatives could be damaged 
or lost during shipment. 

Conventional film processing generally requires the customer to provide 
specific instructions as to the number of prints and any specialized requirements. 
These instructions cannot be changed and once the film has been developed, the film 
cannot be redeveloped. In addition, additional prints or modifications to the prints are 
requested after the customer has reviewed the! prints. This requires the customer to 
provide the negatives and return at another timfe to pick-up the prints. In many cases, 
the instructions, such as lightening, cropping arid the like, are not followed exactly or 
the customer is not fully satisfied. The customer must then go through another round 
changes. This is time intensive and inconvenient for the customer. Furthermore, 
conventional film processing systems and methods may not be able to accommodate 
some requests; even if a customer makes the requests at the time the film is 
developed. For example, a customer is unlikely to be able to receive both black and 
white and full color images from a single roll of film. 



2 



ASF00013 



PATENT APPLICATION 



SUMMARY OF THE INVENTION 

One implementation of the invention comprises a self-service film processing 
system. One embodiment of the self-service film processing system comprises a film 
processing system and a display. The film processing system operates to develop and 
digitize film received by the customer to produce one or more digital images. In a 
particular embodiment, the film processing system comprises a digital film processing 
system that develops and digitizes the film to prbduce the digital images. The digital 
images are then displayed to the customer. The self-service film processing system 
includes may include one or more customer input devices that allow the customer to 
interact with the self-service film processing system. For example, the customer can 
choose the particular digital images to print, store, or otherwise output. The customer 
can also enhance the digital images using various image correction programs. 

Another implementation of the invention comprises a self-service digital film 
processing system. In this embodiment, the self-service digital film processing 
system comprises a customer interface, a development system, a scanning system, and 

a data processing system. The customer interface includes a display and a film 

i 

receptacle that operates to receive undeveloped film from a customer. The 

i 

development system operates to coat a processing solution onto the undeveloped film 
and develop the film. The scanning system operates to scan the coated developed 
film and produce sensor data. The data proqessing system operates to receive the 
sensor data and produce digital images that are displayed on the display to the 
customer. In a particular embodiment, the self-service digital film processing system 
includes one or more output devices, such as a printer, communication network, 
archival memory, and a memory device. In the preferred embodiment, the self- 
service digital film processing system allows the customer to choose which digital 
images to be output, what output device to be used, and in what form the digital 
images are to be output. j 

Yet another implementation of the invention comprises a method for allowing 
a customer to process their own photographic! film. In one embodiment, the method 
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comprises inserting the undeveloped film into a self-service film processing system; 
developing the film within the self-service film processing system; scanning the 
developed film within the self-service film processing system to produce digital 
images; and displaying one or more of the digital images to the customer at the self- 
service film processing system. In a particular embodiment, the method includes 
displaying the digital images and enhanced digital images to the customer to allow the 
customer to choose between the digital images and the enhanced digital images. 

A further implementation of the invention comprises a prepaid 
photoprocessing card. In one embodiment, the prepaid photoprocessing card 
comprises a media and an encoded data device coupled to the media, the encoding 
data device contains a money balance operable to be used for payment in a self- 
service film processing system. In a particular embodiment, the encoded data device 
also contains demographic data stored on the encoded data device prior to use of the 
prepaid photoprocessing card by the customer. 

An advantage of at least one embodiment of the invention is that customer 
convenience is improved. In particular, the customer is not required to make multiple 
trips to process their film and film processing becomes a one-stop process. 

A further advantage of at least one embodiment is that the customer views the 
digital images and decides which digital images to print and otherwise output. In 
addition, the customer can make changes to the digital images before the digital image 
are printed or othewise output. As a result, waste resulting from printing unwanted 
digital images is reduced. 

Other advantages will be readily apparent to one skilled in the art from the 
following figures, descriptions, and claims. 

i 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the invention and the advantages 
thereof, reference is now made to the following description taken in conjunction with 
the accompanying drawings, wherein like reference numerals represent like parts, in 
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which: 

FIGURE 1 is a block diagram of a self-service film processing system in 
accordance with the invention; 

FIGURE 2 is a block diagram of a digital film processing system in 
accordance with the invention; 

FIGURE 3 A is a block diagram illustrating a development system as shown in 
FIGURE 2; 

FIGURES 3B-1 - 3B-4 are block diagrams illustrating various embodiments 
of a processing station shown in FIGURE 3 A; 

FIGURE 4A is a block diagram illustrating a scanning system shown in 
FIGURE 2; and 

FIGURES 4B-1 - 4B-4 are block diagrams illustrating various embodiments 
of a scanning station shown in FIGURE 4A. 

DETAILED DESCRIPTION OF THE INVENTION 

In the folio wing detailed description of the preferred embodiments, reference 
is made to the accompanying drawings, which form a part hereof, and in which is 
shown by way of illustration specific preferred embodiments in which the invention 
may be practiced. These embodiments are described in sufficient detail to enable 
those skilled in the art to practice the invention, and it is to be understood that other 
embodiments may be utilized and that logical, mechanical and electrical changes may 
be made without departing from the spirit or spope of the invention. To avoid detail 
not necessary to enable those skilled in the art to practice the invention, the 
description may omit certain information kn6wn to those skilled in the art. The 
following detailed description is, therefore, not! to be taken in a limiting sense, and the 
scope of the present invention is defined only by the appended claims. 

FIGURE 1 illustrates a self-service film processing system 100 in accordance 
with one embodiment of the invention. In the embodiment illustrated, the self-service 
film processing system 100 comprises a display 102 and a film processing system 
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104. The film processing system 104 operates to receive a roll of film 106 from a 
customer (not expressly illustrated). Film 106, as used herein, includes color, black 
and white or any other suitable type of film and is not meant to refer to any specific 
type of film or a specific manufacturer. The film processing system 104 develops and 
digitizes the film 106 to produce one or more digital image 108 corresponding to the 
images stored on the film 106. The digital images 108 are then displayed to the 
customer on the display 102. In the preferred embodiment, the customer can then 
choose the specific digital images 108 to be output, if at all, and in what form the 
output shall take. For example, as described in greater detail below, various 
embodiments of the invention allow the customer to have the chosen digital images 
108 printed, stored, sent to friends, or output in any other suitable manner. In general, 
the self-service film processing system 100 allows a customer to develop and process 
their own film 106 without requiring the use or assistance of a skilled film processing 
technician. 

Display 102 may comprise any suitable device for displaying digital images 
108 to the customer. For example, the display 102 may comprise a cathode ray tube 
(CRT), plasma display, liquid crystal display (LCD), and the like. In the preferred 
embodiment, the display 102 comprises a touch screen display, such as an Elo 
Entuitive 1745C CRT touch screen display available from Elo TouchSystems, Inc., of 
Fremont, California. In this embodiment, the touch screen display 102 also operates 
as a customer input device, as further described below. 

The film processing system 104 develops the film 106 and produces digital 
images 108 from the developed film 106. In the preferred embodiment, the film 
processing system 104 comprises a digital film processing system 104a, as described 
in detail in FIGURES 2-4. In this embodiment, the film 106 is developed without 
producing environmentally harmful effluents. In another embodiment, the film 
processing system 104 comprises a conventional wet chemistry film processing 

system, such as those available from Eastman, Kodak, Inc., of Rochester, New York. 

i 

If conventional wet chemistry film processing System is used, then the developed film 
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negative can be saved, and delivered to the customer. However, in general, 
conventional wet chemistry film processing systems are larger than digital film 
processing systems and are not as well suited for self-service applications, such as a 
kiosk. 

Film processing system 104 includes a film receptacle 110 operable to receive 
the film 106 from the customer. In the preferred embodiment, the film receptacle 110 
includes a cover to prevent contaminates from entering the film processing system 
104. To prevent vandalism, the cover may be operated only after the customer has 
input customer information, such as credit card information. The film processing 
system 104 may include other suitable devices without departing from the invention. 
For example, the film processing system 104 preferably includes replaceable chemical 
containers containing the film processing solutions needed develop and process the 
film 106. In this manner, the film processing system 104 operates as a stand-alone 
system, such as a kiosk. 

The self-service film processing system 100 may include a sound system 111. 
In general, the sound system 111 helps guide the customer through the operation of 
the self-service film processing system 100. The sound system 111 may also include 
one or more microphones that detect voice commands from the customer. The sound 
system 111 may also operate to produce music, ; white noise, promotional or marketing 
ads, and the like. 

The self-seivice film processing system 100 may include a payment system 
112. In this embodiment, the payment system 112 collects the payment associated 
with the services provided by the self-service film processing system 100. The 
amount of payment varies in accordance with the options chosen by the customer. 
For example, the customer may choose to print certain digital images 108 in a 4X6 
format and other digital images 108 in a 8X10 jformat, as well as storing all the digital 

images 108 on a CD. This options package \yill cost less than if the customer only 

i 

wanted to save the digital images 108 on a CD J 

i 

In the preferred embodiment, the paymjent system 112 comprises a card reader 
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112a. The card reader 112a accepts payment cards, such as a smart card or a card 
containing an encoded magnetic strip. The card reader 1 12a preferably allows the use 
of credit cards, debit cards, and prepaid cards to be used by the customer to pay for 
services at the self-service film processing system 100. In another embodiment, the 
payment system 112 includes a currency receptacle 112b. The currency receptacle 
112b preferably accepts paper currency and may also accept coin currency. In yet 
another embodiment, the payment system 112 includes a reader 112c. In this 
embodiment, the reader 112c may comprise a bar code reader. Services for the self- 
service film processing system 100 can be prepaid at a cashier and the cashier 
provides the customer with a receipt having a printed bar code that can be read by the 
reader 1 12c. In yet another embodiment, the payment system 112 comprises a receipt 
printer 11 2d. In this embodiment the receipt printer 11 2d prints a receipt that is 

provided to a cashier and the customer pays ti^p cashier for the services provided by 

i 

the self-service film processing system 100. Inlthe preferred embodiment, the receipt 
printer 1 12d prints a receipt having a bar code, which can be read by a scanner by the 
cashier. This embodiment is particularly useful in embodiments in which prints of the 
digital image 108 are not made at the self-service digital film processing system 100, 
but are printed in an area controlled by the cashier. In this embodiment, the customer 
would receive the prints corresponding to the receipt when the receipt is paid by the 
customer. The payment system 112 may comprise any one or combination of the 
disclosed payment system 112, as well as any other suitable system for allowing the 
customer to pay for the services of the self-service film processing system 100. For 
example, the payment system 112 may comprise an automatic billing system based on 
the identity of the customer. 

A prepaid photoprocessing card 114 in accordance with one embodiment of 
the invention is provided. In one embodiment, the prepaid photoprocessing card 114 
comprises a media 1 14a, such as plastic, having an encoded data device 1 14b, such as 
a magnetic strip or smart chip, containing payment data. The payment data preferably 
includes the balance of prepaid money remaining on the prepaid photoprocessing card 
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114 and updates the balance as the services of a self-service film processing system 
100 are utilized by the customer. In some embodiments, the customer can increase 
the balance on the prepaid photoprocessing card 114 through the use of a payment 
station that accepts monies or other payment cards to prepay additional monies to 
have the balance correspondingly increased on the prepaid photoprocessing card 114. 
In other embodiments, the prepaid photoprocessing cards 114 are purchased in 
various currency increments. In a particular embodiment, the prepaid 
photoprocessing card 114 also includes customer data, such as demographical data. 
In this embodiment, the prepaid photoprocessing card 114 is particularly suited to aid 
in marketing activities, such as promotional activities. For example, free prepaid 
photoprocessing cards 114 having respective demographical data encoded into the 
photoprocessing cards 114 can be sent to customers. The use of the prepaid 
photoprocessing card 114 by the customer produces marketing data corresponding to 
the use of the self-service film processing system 100. 

The self-service film processing system 100 may include one or more 
customer input devices 116. In this embodiment, the customer input device 116 
allows the customer to input data or interact ; with the self-service film processing 
system 100. For example, the customer can ;make various decisions regarding the 
digital images 108, including choosing whiich digital images 108 are desired, 
enhancements to the digital images 108, printing options, and output options. In one 
embodiment, the display 102 also operates as a customer input device 116a. In this 
embodiment, the display 102 comprises a touch screen display, as described earlier. 
In another embodiment, the display includes various buttons 117 corresponding to 
customer choices and menus located on the display 102, In this embodiment, the 
customer presses specific buttons to make choices. In yet another embodiment, the 
customer input device 116 comprises a keypad 116c, such as a keyboard and the like. 
In this embodiment, the customer can easily enter data into the self-service film 
processing system 100. For example, in some embodiments, the self-service film 
processing system 100 allows the customer toi create greeting cards, add commentary, 
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enter email or website information, address information, billing information, or enter 
other suitable customer information. 

The self-service film processing system 100 may include one or more image 
input devices 118. In this embodiment, the image input devices 118 allows the 
customer to input a digital image 108. In this embodiment, the digital image 108 
generally originates from a source other than the self-service film processing system 
100- In one embodiment, the image input device 118 comprises a flatbed image 
scanner 118a. Flatbed image scanners 118a operates to reflectively scan a print to 
produce the digital image 108. Flatbed image scanners 118a are commercially 
available from several companies, such as Hewlett Packard, of Palo Alto, California. 

In another embodiment, the image input device 118 comprises a film scanner 
118b. Film scanners 118b operate to transmissively scan film negatives, positives, 
transparencies and the like to produce the digital image 108. Film scanners 118b are 
commercially available from several companies;, such as Nikon Corporation of Tokyo, 
Japan. 

In yet another embodiment, the image input device 118 comprises a signal 
input 118c. The signal input 118c operates to receive the digital image 108 from an 
image recording device, such as a digital camera, video recorder, laptop computer, 
and the like. For example, in the preferred embodiment, the signal input 118c 
comprises a flash card reader. The signal input 118 may also comprise a serial 
connection, parallel connection, universal serial bus (USB) connection, standard 
telephone connection, optical connection, or any other connection useful for inputting 
digital image 108. Digital cameras, video recorders, and the like, have become 
prevalent and the signal input 118c allows tfyb customer to use the same or similar 

services of the self-service film processing system 100 to enhance, print, store, and 

i 

otherwise output the digital image 1 08 obtained from these devices. 

In yet another embodiment, the imag0 input device 118 comprises a storage 
media reader 1 18d. The storage media reader 1 18d operates to read the digital image 
108 saved on a storage media. The particular type of storage media reader 118d 
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generally depends upon the type of storage media used to store the image data. For 
example, the storage media may comprise a floppy disk, CD, DVD, or any other 
suitable type of storage media. 

In yet another embodiment, the image input device 118 comprises a 
communications network 118e. The communications network 118e operates to 
communicate with an external network, such as the Internet, to receive the digital 
image 108. In one embodiment, the communications network 118 operates in 
conjunction with an Internet website to receive the digital image 108. In another 
embodiment, the communications network 1 1 8e includes a network of self-service 
film processing systems 100. In this embodiment, the customer can access digital 
images 108 produced at a different self-service film processing systems 100 or stored 
in an archive. Although specific embodiments of the image input device 118 are 
described, the image input device 118 may comprise any one or combination of the 
image input devices described above, as well as any other suitable device or system 
for inputting digital image 108 

The self-service film processing system 100 may include one or more imaging 
programs 122. In one embodiment, imaging programs 122 operate to correct or 
enhance the digital image 108. For example, imaging programs 122 may include 
software programs for red-eye removal, cropping, color correction and management, 
artifact removal, softening and the like. In another embodiment, imaging programs 
122 operate to produce composites of the digital image 108. For example, imaging 
programs 122 may include software for creating greeting cards, merging multiple 
images, and the like. ; 

The self-service film processing system 100 may include one or more output 

i 

devices 124. The output devices 124 allow th^ customer to communicate, store, print, 
and otherwise output the digital image 108 and/or image data. In one embodiment, 
the output device 124 comprises a communications networkl24a. In this 
embodiment, the communications network 124a operates to output the digital image 
108 over a network, such as the Internet. In particular, the communications network 
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118e and the communications network 124a are similar and may comprise the same 
network I/O port operable to input and output the digital image 108. At least one 
embodiment of the communications network 118e/124a implements communication 
through an Internet v/eb site. As known to those skilled in the art, an Internet web site 
is a collection of web pages, usually linked through an index, or home page. Each 
web page is a file (a collection of programming instructions) configured to display a 
number of objects on a computer screen. Some of these objects are simple images 
used only for display. Other objects are configured such that when a user positions a 

pointing device, such as a mouse, over the object and "clicks" on the object, a series 

i 

of instructions is carried out. These instructions may include printing, downloading 
files, linking to another Internet web page within the current Internet web site, or 
accessing another Internet web site. 

In another embodiment, the output device 124 comprises a storage system 
124b. The storage system 124b operates to store the digital images 108 for a certain 
limited time period. In one embodiment, the storage system 124b comprises one or 
more mass storage devices 126a. In this embodiment, the mass storage devices 126a 
comprise any suitable type of electronic digital data storage and retrieval system, 
usually consisting of a processor controlled storage media. The control processor 
may be integral the storage system or separate, such as a personal computer or similar 
computing device. The storage media may be electronic components, such as 
EEPROM, NVRAM, or RAM; conventional hard disk drive; CDROM residing in a 
multi-disk retrieval system; or based on any other high capacity digital storage 
strategy. In a particular embodiment, the mass storage device 126a can be accessed 
externally. In this embodiment, the digital images 108 stored on the mass storage 
devices 126a can be accessed by the customer using another self-service film 
processing system 100 or through an Internet web site, as described in greater detail 
below. 

In another embodiment, the storage system 124b comprises an external 
memory system 128. In this embodiment, external memory system 128 comprises 
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one or more mass storage devices 126b, as described above for 126a, coupled to the 
film processing system 104 by a communications network 130, such as the Internet or 
an optical link. This embodiment is particularly suited for archiving the digital image 
108 at a single location. Thereby allowing faster and easier access to the digital 
images 108. This may facilitate access for an Internet web site, as described below. 

The self-service film processing system 100 preferably operates in conjunction 

with an Internet web site having access to the storage system 124b. The Internet web 

i 

site is preferably configured to communicate via password with the customer. In 
particular, the customer may access the digital image 108 and use the tools provided 
in the Internet web site to modify the digital images 108. For example, the tools may 
include compositing, image enhancement, and any other suitable image processing 
tools. The Internet web site may also allow the customer to select various services. 
For example, as described in greater detail below, the customer can request 
specialized printing and delivery options, including the production of negatives, 
slides, or prints, to be delivered to the customer via mail, rush delivery, and the like. 

In the preferred embodiment, the output device 124 comprises a printing 
system 124c. The printing system 124c operate^ to print the selected digital images 
108 onto a print media to produce prints 132. Prints 132, as used herein, includes 
printed images on paper, film negatives, photographic slides, positives, photographic 
prints using silver halide based paper, and the like. In the preferred embodiment, the 
printing system 124c comprises a local printer 134a. In this embodiment, the 
customer can immediately obtain the prints 132 upon completing the transaction. In 
particular, the local printer 134a may be located in a kiosk with the film processing 
system 1 04 or located in proximity to the film processing system 1 04, such as behind 
a cashiers counter. 

The preferred embodiment of the local printer 134a is an ink-jet printer. Ink- 
jet printers provide high quality at a relatively low per sheet cost. In another 
embodiment, the local printer 134a comprises^ a dye sublimation printer. Dye 
sublimation printers produce high quality prints 1 32 at relatively high prices. In yet 
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another embodiment, the local printer 134a comprises a conventional silver halide 
photographic print process. This embodiment is particularly well suited for 
integrating the self-service film processing system 100 with a conventional 
photographic lab. In particular, the self-service film processing system 100 can 
deliver the specified digital images 108 to the conventional digital minilab printer to 
produce prints 132. The local printer 134a may also comprise other suitable types of 
printers, such as laser printers, wax printers, paper compression printers, and the like. 

In another embodiment, the printing system 124c comprises a remote printer 
134b coupled to the film processing system 104 by a communications network 136. 
In this embodiment, the remote printer 134b may comprise similar embodiments as 
local printer 134a described above. Remote printer 134b may also comprise high- 
speed printers and large format printers that would not generally be locally available 
to the customer. The communications network 136 is similar to the communications 
network 130 described above. The remote printer 134b allows the customer to order 
prints 132 and have the prints 132 shipped to the customer or to others designated by 
the customer. This allows for specialized printing of the specified digital images 108 
that cannot generally be accomplished by the local printer 134a. 

In yet another embodiment, the output device 124 comprises a memory system 
124d operable to store the digital images 108 onto a storage media 140. The memory 
system 124d comprises any suitable memory device 142 operable to store the digital 
images 108 onto the storage media 140. For example, the memory device 142 may 
comprise a floppy drive, CD writer, DVD writer, flash card memory, any combination 
thereof, and any other suitable memory storage system. 

Although several examples of output devices 124 have been illustrated, the 
output device 124 may comprise any one or combination of the above describe 
examples, as well as any other suitable device br system for outputting the digital 
images 108. In addition, although various embodiments of the self-service film 
processing system 100 has been described, the self-service film processing system 
100 may comprise other suitable devices and systems without departing from the 
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spirit and scope of the invention. For example, different types of output devices 124 

i 

can be utilized, such a printer that prints banners and the like. 

The self-service film processing system : 100 may be used in the following 
manner. The customer enters payment data via the payment system 112. Upon 
entering the payment data, the cover protecting the film receptacle 1 1 0 is opened and 
allows the customer to deposit the film 106 within the film receptacle 1 10. The film 
106 is removed from the film canister and developed and digitized by the film 
processing system 104 to produce digital images 108. The customer chooses various 
options using the customer input device 116 to choose specific digital images 108, the 
output device 124, the number of copies, any enhancements using the imaging 
programs 122, and the like. The chosen digital images 108 are then output to the 
appropriate output devices 124. The customer can then leave with the requested 
output media. 

FIGURE 2 illustrates a digital film processing system 104a in accordance with 
the invention. In this embodiment, digital film processing system 104a comprises a 
data processing system 202 and a digital development system 204. The digital 
development system 204 develops and digitizes the film 106 to produce sensor data 
206 that is communicated to the data processing system 202. The data processing 
system 202 processes the sensor data 206 to produce digital images 108 that are 
displayed to the customer on display 102 and can be output to one or more output 
devices 124 in accordance with the customers instructions received via the customer 

input device 116. j 

i 

Data processing system 202 comprises ^ny type of computer or processor 

j 

operable to process data. For example, data processing system 202 may comprise a 
personal computer manufactured by Apple Commuting, Inc. of Cupertino, California 
or International Business Machines of New York. Data processing system 202 may 
also comprise any number of computers or individual processors, such as application 
specific integrated circuits (ASICs). In one embodiment, the data processing system 
202 is coupled directly to the digital development system 204. In this embodiment, 
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high data transfer rates can be achieved to allow data processing system 202 to 
process the sensor data 206 and produce the digital image 1 08 in a minimum amount 
of time. In another embodiment, the data processing system 202 is remote to the 
digital development system 204. In this embodiment, the sensor data 206 is 
transmitted over a communications network, such as the Internet, from the digital 
development system 204. Although this adds to the time and complexity to the 
production of the digital image 108, a single data processing system 202 can support 
multiple film development 204. As a result, the cost is reduced and software upgrades 
can be easily implemented. 

Data processing system 202 includes image processing software 208 and any 
imaging programs 122 resident on the data processing system 202. Data processing 
system 202 receives sensor data 206 from the digital development system 204. As 
described in greater detail below, sensor data 206 is representative of the image data 
and silver in the film 106 at each discrete location, or pixel, of the film 106. The 
sensor data 206 is processed by image processing software 208 to produce the digital 
image 108. The specific embodiment of the , image processing software 208 is 
dependent upon the embodiment of the digital development system 204, and in 
particular, the specific: embodiment of the scanning system, as described below. In an 
embodiment in which metallic silver grains andjor silver halide remains within the 

film 106, the image processing software 208 operates to compensate for the silver in 

j 

the film 106. For example, one embodiment jof image processing software 208 
comprises software based on U.S. Patent Application Serial No. 08/999,421, entitled 
Defect Channel Nulling, which is incorporated herein by reference. In this 
embodiment, any silver remaining in the film 106 is treated as a defect and each 
individual pixel color record is compensated to remove the effect of the silver. In an 
embodiment in which the metallic silver grains and silver halide have been modified 
to a substantially transparent silver compound, the film 106 may be scanned using 
only visible light without digitally compensating for any occlusions. Processing the 
film 1 06 without washing the silver from film 1 06 substantially reduces or eliminates 
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the production of hazardous chemical effluents that are generally produced during 
conventional film processing methods. Although the image processing software 208 
is described in terms of actual software, the image processing software 208 may be 
embodied as hardware, such as an ASIC. The color records for each pixel form the 
digital image 108, which is then communicated tq one or more output devices 124. 

As described in greater detail below, digital development system 204 operates 
electronically scan the film 106 to produce the sensor data 206. Light used to scan the 
film 106 may include light within the visible portion of the electromagnetic spectrum, 
light within the infrared portion of the electromagnetic spectrum, a combination of 
visible and infrared light, or any other suitable electromagnetic radiation. As 
illustrated, digital development system 204 comprises a transport system 220, a 
development system 222, and a scanning system 224. 

Transport system 220 operates to dispense and move the film 106 through the 
digital development system 204. In a preferred embodiment, the transport system 220 
comprises a leader transport system in which a leader is spliced to the film 106 and a 
series of rollers advances the film 106 through the digital development system 204, 
with care taken that the image surface of the film 106 is not contacted. Similar 
transport systems 220 are found in film products manufactured by, for example, 
Noritsu Koki Co. of Wakayama, Japan, and are available to those in the art. 

The development system 222 operates !to apply one or more processing 
solutions to the film and develop the film 106, as described in greater detail in 
FIGURE 3A. In the preferred embodiment, the processing solution comprises a 
viscous color developer solution that initiates production of the metallic silver grains 
and the magenta, cyan and yellow dye images within the film 106. In an alternative 
embodiment, the processing solution comprises a j black and white developer solution 
that initiates production of the metallic silver [grains within the film 106. The 
processing solution may include other suitable processing solutions. The 
development system 222 may also apply other suitable processing solutions, such as 
stop solutions, inhibitors, accelerators, bleach solutions, fixer solutions, blix solutions 
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(combines the functionality of a bleach solution and a fixer solution), stabilizers and 
the like. 

The scanning system 224 scans the film 1 06 through the processing solutions 
applied to the film 106, as described in greater detail in FIGURE 4A. In other words, 
the processing solutions are not substantially removed from the film 1 06 prior to the 
scanning process. \n contrast, conventional film processing systems wash the 
contaminated processing solutions and hazardous silver compounds from the film and 
then dries the film to create a conventional film negative prior to any digitization 
process. The scanning station 224 may comprise a number of different configurations 
depending, in part, on how the film 106 was developed. In general, specific colors of 
visible light interact with the dye images and any silver present in the film 106, and 
infrared light interacts with the silver in the film 106. In some embodiments of the 
development system 222, the silver (metallic silver and/or silver halide) is modified to 
reduce the optical effects of the silver. For example, a bleaching agent may be 
applied to the film 106. The bleaching agent operates to oxidize the metallic silver 
grains within the film 106 to produce silver halide. The silver halide has a lower 
optical density than the metallic silver grains. As; a result, a greater amount of light is 
transmitted through the film 106. Another example is a fixer agent. A fixer agent 
dissolves the silver halide to produce a silver compound that is substantially 
transparent to light. As a result, light is readily transmitted through the film 106. 

The scanning station 224 scans the film 106 using electromagnetic radiation 
and produces sensor data 206 representative of tlie film image data. In the preferred 
embodiment of the scanning station 224, the film jl06 is scanned with light within the 

visible and infrared portions of the electromagnetic spectrum. The visible light 

! 

measures the light intensity associated with the dye clouds as well as the silver within 
the film 106, and the infrared light measures the light intensity associated with the 
metallic silver grains within the film 106. In particular, one or more bands of visible 
light may be used to scan the film 106. For example, the film 106 may be scanned 
using visible light within the red, green and/or blue portions of the electromagnetic 
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radiation spectrum. In other embodiments of the scanning station 224, the film 106 is 
scanned with only visible light, with only infrared light, with different combinations 
of visible light, or any other suitable electromagnetic radiation. The processing 
solutions are not substantially removed prior to scanning the film 106. In contrast, 
conventional film processing systems wash all the processing solutions and silver, 
both silver halide and metallic silver, from the film 106 prior to any conventional 
scanning processes. Silver, whether metallic silver or silver halide crystals, in the 
film negative interferes with the transmission of light through the film negative and 
would be digitized along with the image. Any silver in the film negative would 
appear as defects in the resulting digital image. 

In operation, exposed, but undeveloped film 106 is fed into the transport 
system 220 from the film receptacle 110. The film 106 is transported through the 
development system 222. The development system 222 applies a processing solution 
to the film 106 that develops the film 106. The transport system 220 moves the film 
106 through the scanning system 224. The scanning system 224 illuminates the film 
106 with light. Light from the film 106 is measured by the sensor system, which 
produces sensor data 206. The sensor data 206 represents film image data in the film 
106 at each pixel. The sensor data 206 is communicated to data processing system 
202. The data processing system 202 processes the sensor data 206 using image 
processing software 208 to produce the digital image 108. The data processing 
system 202 may also operate to enhance or otherwise modify the digital image 108 
using any imaging programs 122. The data processing system 202 communicates the 
digital image 108 to the display 102 for viewing. 

The digital film processing system 104a is particularly well suited to use in the 
self-service film processing system 100. In particular, no plumbing is required to 
operate the digital film processing system 104a. In addition, the digital image 108 can 
be prescreened by the customer before they are printed or otherwise output, thereby 
reducing costs and improving customer satisfaction. In addition, the digital film 
processing system 104a can be packaged in a j relatively small size to reduce the 
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amount of floor space required. As a result of these advantages, the self-service film 
processing system 100 can be located in hotels, college dorms, airports, copy centers, 
or any other suitable location. 

FIGURE 3 A illustrates one embodiment of the development system 222. In 
5 this preferred embodiment, a development system 222a comprises an applicator 
station 300 and a development station 302. The applicator station 300 operates to 
apply a relatively uniform coating of a processing solution 304 to the film 106. In one 
embodiment, the processing solution 304 comprises a color developer solution, such 
as Flexicolor Developer for Process C-41 available from the Eastman Kodak 

10 Company. In other embodiments, the processing solution 304 comprises other 
suitable solutions. For example, the processing solution 304 may comprise a 
monobath solution that acts as a developer and stop solution. 

hi a particular embodiment, the applicator station 300 comprises an applicator 
306, a fluid delivery system 308, and a reservoir 310. The applicator 306 operates to 

15 coat the film 306 with the processing solution 304. In the preferred embodiment, as 
illustrated, the applicator 306 comprises a slot coater device. In alternative 
embodiments, the applicator 306 comprises an ink jet applicator, a tank, an aerosol 
applicator, drip applicator, sponge applicator, : or any other suitable device for 
applying the processing solution 304 to the film 106. The fluid delivery system 308 

20 delivers the processing solution 304 from the reservoir 310 to the applicator 306. In 
an embodiment in which the applicator 306 comprises a slot coater device, the fluid 
delivery system 308 generally delivers the processing solution 304 at a constant 
volumetric flow rate to help insure uniformity of coating of processing solution 304 
on the film 106. The reservoir 310 contains : a sufficient volume of processing 

25 solution 304 to process multiple rolls of film 106. In the preferred embodiment, the 
reservoir 210 comprises a replaceable cartridge. In other embodiments, the reservoir 
310 comprises a refillable tank. The applicator station 300 may comprise other 
suitable systems and devices for applying the processing solution 304 to the film 106. 
The development station 302 operates to give the film 106 time to develop 
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prior to being scanned by the scanning system 224- In the embodiment illustrated, the 

i 

development station 302 forms that portion of tile transport system 220 between the 
applicator 306 and the scanning system 224. The length of the development station 
302 is generally dependent upon the development time of the film 106. In particular, 
depending upon the environment and chemical nature of the processing solution 304, 
development of the film 106 may require as little as a few seconds to as long as 
several minutes. 

As illustrated, the development station 302 comprises a cover 312 that protects 
the film 106 during development. The cover 312 forms an environmental chamber 
314 surrounding the film 106. The temperature and humidity within the 
environmental chamber 314 are strictly controlled. To facilitate controlling the 

temperature and humidity, the environmental chamber 314 has a minimum volume 

i 

surrounding the film 106. The cover 312 may bejinsulated to maintain a substantially 
constant temperature as the film 106 is developed. In order to maintain the 
temperature, the development station 302 preferably includes a heating system 316. 
As illustrated, the heating system 316 may include a heated roller 318 and heating 
element 320. In addition, the heating system 316 may include a processing solution 
heating system (not expressly shown) that heats the processing solution 304 prior to 
its application to the film 106. 

In an alternative embodiment, the development system 222 includes a 
processing station 322. The processing station 322 operates to further process the 

film 106 prior to being scanned by the scanning system 224. For example, in on 

i 

embodiment, the processing station 322 operates to modify the metallic silver grains 

and or silver halide in the film 106. Modifying the silver within the film 106 

j 

decreases the opacity of the film 106, thereby irbproving the transmissivity of light 
through the film 106. In another embodiment, thb processing station 322 operates to 
retard or substantially reduce the continued development of the film 106. Retarding 
or substantially stopping the continued development of the film 106 increases the 
amount of time the film 106 can be exposed to visible light without substantially 
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fogging of the film 106. In another embodiment, the processing station 322 operates 
to modify the silver and also substantially reduce the continued development of the 
film 106. FIGURE!? 3B-1 - 3B4 illustrate different examples of the processing 
station 322. 

5 In operation, transport system 220 transports the film 106 through the 

applicator station 300. Fluid delivery system 308 dispenses the processing solution 
304 from the reservoir 310 through the applicator 306 onto the film 106. The 
processing solution 304 initiates development of the dye image and silver image 
within the film 106. The coated film 106 is then transported through the development 

10 station 302. As discussed above, the development station 302 allows the film 106 
time to develop within a controlled environment In an alternative embodiment, the 
film 106 is then transported through the processing station 322 where the film 106 is 
further processed. The film 106 is then transported by the transport system 220 to the 
scanning system 224. As described above, the processing solution 304 coated on the 

15 film 106 is not substantially removed, but remains on the film 106 as the film 106 is 
transported to the scanning system 224. 

FIGURE 3B-1 illustrates one embodiment of a processing station 322a. The 
processing station 322a comprises one or more applicator stations 323 that operate to 
apply one or more processing solutions 324 td the film 106. As illustrated, the 

20 applicator station 323 comprises an applicator 306b, a fluid delivery system 308b, and 

a reservoir 310b, similar in function and design as applicator station 300 described in 

i 
i 

FIGURE 3 A. The processing station 322a may \ comprise any number of applicator 

i 

stations 323 as required to apply suitable processing solutions 324 to the film 106. 

i 

The processing solution 324 may comprise any suitable chemical applied to the film 

i 

25 106 to further process the film 106. In one embodiment, the processing solution 324 
includes a fixing agent. As discussed previously,; the fixing agent dissolves the silver 
halide into a substantially transparent silver compound. This has the effect of slightly 
reducing the opacity of the film 106, but substahtially eliminating the sensitivity of 
the film 106 to any type of light. In another embodiment, the processing solution 324 
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includes a bleaching agent. The bleaching agent converts the metallic silver within 
the film 106 into silver halide. As a result, the opacity of the film 106 is greatly 
reduced, but the sensitivity of the film 106 to light is not substantially reduced. In yet 
another embodiment, both a bleaching agent and a fixing agent are applied to the film 

5 106, individually or as a mixture referred to as blix (combines functions of a 
bleaching and fixing) is applied to the film 106. This has the effect of substantially 
reducing the opacity of the film 106 and also substantially reducing the sensitivity of 
the film 106 to light. The processing solution 324 may also include an aqueous 
solution, stop solution, stabilizer solution, or !any other suitable film processing 

10 solution without departing from the scope of the ihvention. 

FIGURE 3B-2 illustrates a processing station 322b that operates to chill the 
developing film 106. Chilling the developing film 106 substantially slows the 
chemical developing action of the processing solution 204. In the embodiment 
illustrated, the processing station 322b comprises an electrical cooling roller 326 and 

15 insulation shield 328. In this embodiment, the cooling roller 326 is electronically 
maintained at a cool temperature that substantially arrests the chemical reaction of the 

processing solution 304. The insulation shield 328 substantially reduces the 

i 

environmental heat transfer to the cooling rolleif 326. The processing station 322b 
may comprise any other suitable system and deyice for chilling the developing film 

20 106. 1 

FIGURE 3B-3 illustrates a processing station 322c that operates to dry the 
processing solution 304 on the coated film 106. Drying the processing solution 304 
substantially stops further development of the film 106 and may also decrease the 
opacity of the film 106. In the embodiment illustrated, the processing station 322c 

25 comprises an optional cooling roller 326, as described in FIGURE 3B-2, and a drying 
system 330. Although heating the coated film 106 would facilitate drying the 

processing solution 304, the higher temperature would also have the effect of 

i 

accelerating the chemical reaction of the processing solution 304 and film 106. 

i 

Accordingly, in the preferred embodiment, the film 106 is cooled to retard the 
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chemical action of the processing solution 304 and then dried to effectively freeze-dry 
the coated film 106. Although chilling the film 106 is preferred, heating the film 106 
to dry the film 106 can also be accomplished by incorporating the accelerated action 

of the processing solution 304 into the development time for the film 106. In another 

i 
i 

embodiment in which a suitable processing solution 324 is applied to the film 106, the 
chemical action of the processing solution 304 isj already minimized and the film 106 
can be dried using heat without substantially effecting the development of the film 
106. As illustrated, the drying system 330 circulates air over the film 106 to dry the 
processing solution 304 and depending upon the embodiment, the processing solution 
324 onto the film 106. The processing station 322c may comprise any other suitable 
system for drying the film 106. 

FIGURE 3B--4 illustrates a processing station 322d that operates to 
substantially remove excess processing solution 304, and any excess processing 

solution 324, from the film 106. The processing station 322d does not remove the 

i 

solutions 304, 324 that are absorbed into the film 106. In other words, even after the 

wiping action, the film 106 includes some processing solutions 304, 324, and does not 

i 

substantially remove any silver compounds within the film 106. Removing any 
excess processing solution 304 will retard the continued development of the film 106. 
In addition, wiping any excess processing solutions 304, 324 from the film 106 may 
improve the light reflectance and transmissivity properties of the coated film 106. In 
particular, removal of the excess processing solutions 304, 324 may reduce any 
surface irregularities in the coating surface, which can degrade the scanning 
operation. In the embodiment illustrated, the processing station 322d comprises a 

wiper 332 operable to substantially remove excess processing solution 304 and any 

i 

processing solution 324. In a particular embodiment, the wiper 332 includes an 
absorbent material that wicks away the excess (processing solutions 304, 324. In 
another embodiment, the wiper 332 comprises a squeegee that mechanically removes 
substantially all the excess processing solutions! 304, 324. The processing station 
322d may comprise any suitable device or system operable to substantially remove 
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any excess processing solutions 304, 324. 

i 

Although specific embodiments of the' processing station 322 have been 
described above, the processing station 322 may comprise any suitable device or 
system for further processing the film 106. In particular, the processing station 322 
may comprise any suitable combination of the above embodiments. For example, the 
processing station 322 may comprise an applicator station 300b for applying a halt 
solution 324, a cooling roller 326, and a drying system 330. As another example, the 
processing station 322 may comprise a wiper 332 and a drying system 330. 

FIGURE 4A illustrates one embodiment of the scanning system 224. 
Scanning system 224 comprises one or more scanning stations 400. Individual 
scanning stations 400 may have the same or different architectures and embodiments. 

Each scanning station 400 comprises a lighting system 402 and a sensor system 404. 

i 

The lighting system 402 includes one or more light sources 406 and optional optics 

i 

408. The sensor system 404 includes one or more detectors 410 and optional optics 
412. In operation, the lighting system 402 operates to produce suitable light 420 that 
is directed onto the film 106. The sensor system 404 operates to measure the light 
420 from the film 106 and produce sensor data 206 that is communicated to the to the 
data processing system 202. 

Each scanning station 400 utilizes electromagnetic radiation, i.e., light, to scan 
the film 106. Individual scanning stations 400 may have different architectures and 
scan the film 106 using different colors, or frequency bands (wavelengths), and color 

combinations. In particular, different colors of light interact differently with the film 

i 
j 

106. Visible light interacts with the dye ima^e and silver within the film 106. 
Whereas, infrared light interacts with the silver, but the dye image is generally 
transparent to infrared light. The term "color" is used to generally describe specific 
frequency bands of electromagnetic radiation, including visible and non-visible light. 

Visible light, as used herein, means electromagnetic radiation having a 
wavelength or band generally within the electromagnetic spectrum of near infrared 
light (>700 nm) to near ultraviolet light (<400 nm). Visible light can be separated 
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into specific bandwidths. For example, the color red is generally associated with light 
within a frequency band of approximately 600 nm to 700 nm, the color green is 
generally associated with light within a frequency band of approximately 500 nm to 
600 nm, and the color blue is generally associated with light having a wavelength of 
5 approximately 400 nm to 500 nm. Near infrared light is generally associated with 
radiation having a wavelength of approximately 700 nm to 1500 nm. Although 
specific colors and wavelengths are described herein, the scanning station 400 may 
utilize other suitable colors and wavelengths (frequency) ranges without departing 
from the spirit and scope of the invention. 

10 The light source 406 may comprise one or more devices or a system that 

produces suitable light 420. In the preferred j embodiment, the light source 406 
comprises an array of light-emitting diodes (LEjDs). In this embodiment, different 
LEDs within the array may be used to produce different colors of light 420, including 
infrared light. Li particular, specific colors of LEDs can be controlled to produce 

15 short duration pulses of light 420. In another embodiment, the light source 406 
comprises a broad spectrum light source 406, such as a fluorescent, incandescent, 
tungsten-halogen, direct gas discharge lamps, and the like. In this embodiment, the 
sensor system 404 may include filters for spectrally separating the colors of light 420 
from the film 106. For example, as described below, a RGB filtered trilinear array of 

20 detectors may be used to spectrally separate thb light 420 from the film 106. In 
another embodiment of a broad-spectrum light source, the light source 406 includes a 
filter, such as a color wheel, to produce the specified colors of light 420. In yet 

! 
i 

another embodiment, the light source 406 comprises a point light source, such as a 
laser. For example, the point light source may jbe a gallium arsenide or an indium 
25 gallium phosphide laser. In this embodiment, the width of the laser beam is 
preferably the same size as a pixel on the film 106 (-12 microns). Filters, such as a 
color wheel, or other suitable wavelength modifiers or limiters maybe used to provide 
the specified color or colors of light 420. 

Optional optics 408 for the lighting system 402 directs the light 420 to the film 
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106. In the preferred embodiment, the optics 408 comprises a waveguide that directs 
the light 420 onto the film 106. In other embodiment, the optics 408 includes a lens 
system for focusing the light 420. In a particular embodiment, the lens system 
includes a polarizing filter to condition the light 420. The optics 408 may also include 
5 a light baffle 422a. The light baffle 422a constrains illumination of the light 420 
within a scan area in order to reduce light leakage that could cause fogging of the film 
106. In one embodiment, the light baffle 422a comprises a coated member adjacent 
the film 106. The coating is generally a light absorbing material to prevent reflecting 
light 420 that could cause fogging of the film 1061 

10 The detector 410 comprises one or more photodetectors that convert light 420 

from the film 106 into data signals 216. In the; preferred embodiment, the detector 
410 comprises a linear charge coupled device (CCD) array. In another embodiment, 
the detector 410 comprises an area array. The detector 410 may also comprise a 
photodiode, phototransistor, photoresistor, and the like. In addition, the detector 410 

15 may utilize time delay integration (TDI) to improve the accuracy detector 410. The 
detector 410 may include filters to limit the; bandwidth, or color, detected by 
individual photodetectors. For example, a trilineiar array often includes separate lines 

! 

of photodetectors with each line of photodetectors having a color filter to allow only 

one color of light to be measured by the phototietector. Specifically, in a trilinear 
20 array, the array generally includes individual red,; green, and blue filters over separate 
lines in the array. This allows the simultaneous measurement of red, green, and blue 
components of the light 420. Other suitable types of filters may be used. For 
example, a hot mirror and a cold mirror can be used to separate infrared light from 
visible light. 

25 Optional optics 412 for the sensor system 404 directs the light 420 from the 

film 106 onto the detector 410. In the preferred embodiment, the optics 412 

j 

comprises a lens system that directs the light 420 from the film 106 onto the detector 



410. In a particular embodiment, the optics 412 



include polarized lenses. The optics 



412 may also include a light baffle 422b. The li^ht baffle 422b is similar in function 
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to light baffle 422a to help prevent fogging of the:film 106. 

As discussed previously, individual scanning stations 400 may have different 

i 

architectures. For example, light 420 sensed |by the sensor system 404 may be 
transmitted light or reflected light. Light 420 reflected from the film 106 is generally 
representative of the emulsion layer on the same side of the film 106 as the sensor 
system 404. Specifically, light 420 reflected from the front side (emulsion side) of the 
film 1 06 represents the blue sensitive layer and light 420 reflected from the back side 
of the film 106 represents the red sensitive layef. Light 420 transmitted through the 
film 106 collects information from all layers of the film 106. Different colors of light 
420 are used to measure different characteristics qf the film 106. For example, visible 
light interacts with the dye image and silver within the film 106, and infrared light 
interacts with the silver in the film 106. : 

Different architectures and embodiments of the scanning station 400 may scan 
the film 106 differently. In particular, the lighting system 402 and sensor system 404 
operate in concert to illuminate and sense the light 420 from the film 106 to produce 
suitable sensor data 206. In one embodiment^ the lighting system 402 separately 
applies distinct colors of light 420 to the film 106. In this embodiment, the sensor 
system 404 generally comprises a non-filtered detector 410 that measures in series the 
corresponding colors of light 420 from the film 1|06. In another embodiment, multiple 
unique color combinations are simultaneously applied to the film 106, and individual 



206. In another embodiment, the 
tiple colors of light 420 to the film 
404 generally comprises a filtered 
urement of individual colors of light 



color records are derived from the sensor data 
lighting system 402 simultaneously applies mu 
106. In this embodiment, the sensor system 
detector 410 that allows the simultaneous meas 
420. Other suitable scanning methods may bb used to obtain the required color 
records. 

The use of the processing station 322 may improve the scanning properties of 
the film 106 in addition to retarding or substantially stopping the continued 
development of the film 106. For example, the amount of light 420 transmitted 
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through the film 106 is negatively affected by the opacity of the film 106. In other 
words, the greater the opacity of the film 106 the lower the amount of light 420 
transmitted through the film 106. Both the silver image and silver halide within the 
film 106 occlude light 420. On the whole, the silver image within the film 106 

5 absorbs light 420, and the silver halide reflects light 420. As described above, the 
processing solutions 324 may be used to modify opacity of the film 106 and improve 
the scanning properties of the film 106. 

Specific examples of scanner station 400 architectures are illustrated in 
FIGURES 4B-1 - 4B-4. The scanning systenj 224 may comprise any illustrated 

10 example, combination of examples, or other suitable methods or systems for scanning 
the film 106 without departing from the scope and spirit of the invention. 
FIGURE 4B-1 illustrates one embodiment of ; a scanning station 400a having a 
transmission architecture. As illustrated, the transmission scanning station 400a 
comprises a lighting system 402a and a sensor system 404a. Lighting system 402a 

15 produces light 420a that is transmitted through; the film 106 and measured by the 
sensor system 404a. The sensor system 404a; produces sensor data 206a that is 
communicated to the data processing system 202.! 

Lighting system 402a and sensor system 404a are similar in design and 

function as lighting system 402 and sensor systeih 404, respectively. The visible light 

i 

20 420a may comprise broadband visible light, | individual visible light colors, or 
combinations of visible light colors. In an embodiment in which the light 420a 

comprises broadband visible light, the sensor system 404a will preferably comprise a 

i 

red, green and blue tri-linear array. In this embodiment, the sensor system 404a can 
simultaneously measure the red, green and blue components of light 420a from the 
25 film 106. In another embodiment, the light 420a comprises pulses of red, green and 
blue light, and the sensor system 404a preferably comprises an unfiltered detector 
operable to measure the pulses of light 420a from the film 106. In this embodiment, 
the color of the light 420a changes and the sensor system 404a measures the 
respective light pulses from the film 106. 
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In one embodiment of the scanning station 400a, the light 420a produced by 
the lighting system 402a comprises visible light. The visible light 420a interacts with 
at least one dye cloud within the film 1 06 and ahy silver occlusions contained in the 
film 106. In particular, depending upon the embodiment of the development system 

5 222 , the film 106 may include silver forming aiH optical occlusion, such as metallic 
silver grains, silver halide, or both, but does not include silver compounds formed as a 
result of fixing the silver halide contained within the film 106. 

The visible light 420a interacts with the magenta, cyan and yellow dye images 
within the film 106, as well as any silver occlusions within the film 106, the sensor 

10 system 404a records the intensity of visible light 420a from the film 106 and produces 
sensor data 206a. The sensor data 206a generally comprises a red, green, and blue 
record corresponding to the cyan, magenta, and yellow dye images, respectively. 
Depending upon the development process, each of the red, green, and blue records 
may include a silver record. Specifically, any metallic silver grains or silver halide 

15 within the film 106 partially occludes the visible light 420a transmitted through the 
film 106. Depending upon the severity of the 
records are processed by the data processing system 1 02 to correct for the occlusion in 
the film 106. 

In the preferred embodiment of the transmission scanning station 400a, the 
20 light 420a produced by the lighting system 402^ comprises visible light and infrared 
light. As discussed above, the visible light may comprise broadband visible light, 
individual visible light colors, or combinations jof visible light colors. The infrared 
light may comprise infrared, near infrared, or any suitable combination thereof. The 
visible light 420a interacts with the dye images,; i.e. cyan, magenta, or yellow, within 

25 the film 106 and any silver to produce a red, gr^en, and/or blue record that includes a 

i 

silver record. The infrared light interacts with j the silver, and any other occlusions, 

i 
i 

within the film 106 and produces a silver record. The silver record can then be used 

i 

to remove, at least in part, the effects of the occlusions contained in the red, green, 
and blue records. This embodiment is analogous to the defect correction electronic 
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scanners described in United States Patent No. 5,^66,805, entitled System and Method 
for Image Recovery, which is hereby incorporated herein by reference. In this 

j 

embodiment, any occlusions within the film are Analogous to defects that obstruct the 

i 

optical path of the infrared light. The degree jof occlusion is used as a basis for 
5 modifying the color records. For example, in pixels having a high occlusion density, 

the individual color records are significantly increased, whereas in pixels having a 

low occlusion density, the individual color records are relatively unchanged. 

In yet another embodiment of the transmission scanning station 400a, the light 

produced by the lighting system 402a comprises only infrared and/or near infrared 
10 light. In this embodiment, the infrared light 420a interacts with occlusions within the 

film 106 but does not substantially interact with! the dye images within the film 106. 

hi this embodiment, the sensor data 206a does no\ spectrally distinguish the magenta, 

i 

! 

cyan, and yellow dye images. An advantage of! this embodiment is that the infrared 
light 420a does not fog the film 106. In a particular embodiment, the advantage of not 
15 fogging the film 106 allows the film 106 to be scanned at multiple development times 

without significantly fogging the film 106. In this embodiment, the scanning station 

i 

400a can be used to determine the optimal development time for the film 106. This 
embodiment may also be used to scan the silver image. 

FIGURE 4B-1 illustrates the light 420a being transmitted through the film 106 

20 from the backside to the front side of the film 106. The light 420a can also be 

i 

transmitted through the film 106 from the front! side to the backside of the film 106 
without departing from the scope of the invention. 

FIGURE 4B-2 illustrates one embodiment of a scanning station 400b having a 
reflective architecture. The reflective scanning station 400b comprises a lighting 
25 system 402b and a sensor system 404b. Lighting system 402b produces light 420b 
that is reflected from the film 106 and measured by the sensor system 404b. The 
scanning station 400b generally requires silver! halide to be present within the film 
106. The silver halide scatters and reflects the light 420b measured by the sensor 
system 404b. The sensor system 404b produces sensor data 206b that is 
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communicated to the data processing system 202. Lighting system 402b and sensor 
system 404b are similar to lighting system 402 and sensor system 404, respectively. 

In one embodiment of the reflective scanning station 400b used to scan the 
blue emulsion layer of the film 106, the light 420b produced by the lighting system 

5 402b comprises blue light. In this embodiment,: the blue light 420b scans the silver 
and dye image within the blue layer of the film: 106. The blue light 420b interacts 
with the yellow dye image and also the silver in the blue emulsion layer. In 
particular, the blue light 420b is reflected from the silver halide and measured by the 
sensor system 404b to produce a blue record, j Many conventional films include a 

10 yellow filter below the blue emulsion layer that blocks the blue light 420a from 
illuminating the other emulsion layers of the film 106. As a result, noise created by 
cross-talk between the blue emulsion layer and the red and green emulsion layers is 

substantially reduced. 

In another embodiment of the reflective scanning station 400b used to scan the 

15 blue emulsion layer of the film 106, the light 420b produced by the lighting system 
402b comprises non-blue light. It has been determined that visible light other than 
blue light interacts in substantially the same manner with the various emulsion layers. 
In this embodiment, infrared light also interacts; in substantially the same manner as 
non-blue light, with the exception that infrared light will not fog the emulsion layers 

20 of the film 106. In this embodiment, the non-bl|ie light 420b interacts with the silver 

i 

image in the blue emulsion layer of the film 10^, but is transparent to the yellow dye 
within the blue emulsion layer of the film 106. This embodiment is prone to higher 
noise levels created by cross-talk between the bjlue and green emulsion layers of the 

film 106. I 
25 In yet another embodiment of the reflective scanning station 400b, the light 

420b produced by the lighting system 402b comprises visible and infrared light. In 
this embodiment, blue light interacts with the yellow dye image and the silver image 
in the blue emulsion layer, green light interacts With magenta dye image and the silver 

in each of the emulsion layers, red light interacts with the cyan dye image and the 

i 
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silver in each of the emulsion layers, and the infrared light interacts with the silver in 
each emulsion layer of the film 106. In this embodiment, the sensor system 404b 
generally comprises a filtered detector 410b (not expressly shown) that measures the 
red, green, blue, and infrared light 420b from the film 106 to produce red, green, blue, 
and infrared records as sensor data 206b. 

Although the scanning station 400b is illustrated with the lighting system 402b 
and the sensor system 404b located on front sid0 of the film 106, the lighting system 
402b and the sensor system 404b may also be located on the back side of the film 106. 
In this embodiment, the light 420b produced by the lighting system 402b may 
comprise red light. The red light largely interacts with the cyan dye image and silver 
in the red emulsion layer of the film 1 06 to produce a red record of the sensor data 
206b. 

FIGURE 4B-3 illustrates one embodiment of a scanning station 400c having a 
transmission-reflection architecture. The transmission-reflection architecture is the 
preferred embodiment of the scanning system 224. In this embodiment, the scanning 
station 400c comprises a first lighting system 402c, a second lighting system 402d, 
and a sensor system 404c. In the preferred embodiment, the lighting system 402c 
operates to illuminate the front side of the film 106 with light 420c, the second 
lighting system 402d operates to illuminate the backside of the film 106 with light 

420d, and the sensor system 404c operates to measure the light 420c reflected from 

i 

the film 106 and the light 420d transmitted though the film 106. Based on the 
measurements of the light 420b, 420d, the senior system 404c produces sensor data 
206c that is communicated to the data processing system 102. Lighting system 402c 
and 402d are similar to lighting system 402, an£ sensor system 404c is similar to the 
sensor system 404., Although scanning station 400c is illustrated with lighting 
systems 402c, 402d, a single light source may b|e used to produce light that is directed 
through a system of mirrors, shutters, filters, apd the like, to illuminate the film 106 
with the front side of the film 106 with light 4^0c and illuminate the back side of the 
film 106 with light 420d. The light 420c, 420d may comprise any color or color 
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combinations, including infrared light. 

This embodiment of the scanning station 400c utilizes many of the positive 
characteristics of the transmission architectures scanning station 400a and the 
reflection architecture scanning station 400b. Fof example, the blue emulsion layer is 
viewed better by light 420c reflected from the filib 106 than by light 420d transmitted 
through the film 106; the green emulsion layer is viewed better by light 420d 
transmitted through the film 106 than by light 420c reflected from the film 106; and 
the red emulsion layer is adequately viewed by light 420d transmitted through the 
film 106. In addition, the cost of the scanning station 400c is minimized through the 
use of a single sensor system 404c. 

In the preferred embodiment of the scanning station 400c, the light 420c 
comprises blue light, and light 420d comprises! red, green, and infrared light. The 

blue light 420c interacts with the yellow dye injiage and silver in the blue emulsion 

i 

layer of the film 106. The sensor system 404c riieasures the light 420c from the film 

1 06 and produces a blue-silver record. The red ahd green light 420d interacts with the 

i 

cyan and magenta dye images, respectively, as wfell as the silver in the film 106. The 
infrared light 420d interacts with the silver, but does not interact with the dye clouds 
within the film 106. As discussed previously, th^ silver contained within the film 106 
may comprise silver grains, silver halide, or both. The red, green, and infrared light 
420d transmitted through the film 106 is measured by the sensor system 404c, which 
produces a red-silver, green-silver, and silver ! record. The blue-silver, red-silver, 
green-silver, and silver records form the sensor data 206c that is communicated to the 
data processing system 202. The data processing system 202 utilizes the silver record 

to facilitate removal of the silver component from the red, green, and blue records. 

i 

In another embodiment, the light 420c comprises blue light and infrared light, 

i 

and light 420d comprises red, green, and infrared light. As discussed previously, the 
blue light 420c mainly interacts with the yellow dye image and silver within the blue 
emulsion layer of the film 1 06. The infrared light 420c interacts with mainly the 
silver in the blue emulsion layer of the film 106. The sensor system 404c measures 
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j 

the blue and infrared light 420c from the film 1Q6 and produces a blue-silver record 
and a front side silver record, respectively. The red, green, and infrared light 420d 
interact with the film 1 06 and are measured by the sensor system 404c to produce red- 
silver, green-silver and transmitted-silver records as discussed above. The blue-silver, 
red-silver, green-silver, and both silver records form the sensor data 206c that is 
communicated to the data processing system 202. In this embodiment, the data 
processing system 202 utilizes the front side silver record of the blue emulsion layer 
to facilitate removal of the silver component from the blue-silver record, and the 
transmission-silver record is utilized to facilitate removal of the silver component 
from the red and green records. 

Although the scanning station 400c is described in terms of specific colors and 

color combinations of light 420c and light 4204, the light 420c and light 420d may 

i 

comprise other suitable colors and color combinations of light without departing from 
the scope of the invention. For example, light: 420c may comprise non-blue light, 
infrared light, broadband white light, or any other suitable light. Likewise, light 420d 
may include blue light, broadband white light, or another other suitable light. 
Scanning station 400c may also comprise other suitable embodiments without 
departing from the scope of the invention. For example, although the scanning station 
400c is illustrated with two lighting systems 40? and a single sensor system 404, the 

scanning station 400c could be configured with [a single lighting system 402 and two 

i 

sensor systems 404, wherein one sensor system fneasures light 420 reflected from the 

i 

film 106 and the second sensor system 404 measures light 420 transmitted through the 

film 106. In addition, as discussed above, the Scanning station 400 may comprise a 

i 

single lighting system that illuminates the film l(p6 with light 420c and light 42 Od. 

FIGURE 4B--4 illustrates an embodiment of a scanning station 400d having a 
reflection-transmission-reflection architecture. 1 In this embodiment, the scanning 
station 400d comprises a first lighting system 402e, a second lighting system 402f, a 
first sensor system 404e, and a second sensor system 404f. In the embodiment 
illustrated, the lighting system 402e operates to illuminate the front side of the film 
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106 with light 420e, and the second lighting system 402f operates to illuminate the 
back side of the film 106 with light 420f. The first sensor system 404e operates to 
measure the light 42 Oe reflected from the film 106 and the light 42 Of transmitted 
through the film 106, and the second sensor system 404f operates to measure the light 

i 

420f reflected from the film 106 and the light 42,0e transmitted through the film 106. 

Based on the measurements of the light 420e and' 420f, the sensor systems 404e, 404f 

i 

produce sensor data 206ef that is communicated to the data processing system 202. 

j 

Lighting systems 402e, 402 f are similar to lighting systems 402 ? and sensor systems 
404e, 404f are similar to the sensor system 404J Although scanning station 400d is 
illustrated with lighting systems 402e, 402f, and sensor systems 404e, 404f, a single 
lighting system and/or sensory system, respectively, may be used to produce light that 
is directed through a system of mirrors, shutters, filters, and the like, to illuminate the 
film 106 with the front side of the film 106 with light 420e and illuminate the 
backside of the film 106 with light 420f. 

This embodiment of the scanning statibn 400d expands upon the positive 

i 
i 

characteristics of the transmission-reflection arbhitecture of scanning station 400c. 
For example, as discussed in reference to FIGLfRE 4B-3, the blue emulsion layer is 
viewed better by light 420e reflected from the film 106 and the green emulsion layer 
is viewed better by light 420e or 420f transmitted through the film 106. Second 
sensor system 404f allows viewing of the red ejmulsion layer by light 420f reflected 
from the film 106, which generally produces j better results than viewing the red 
emulsion layer by light 420e or light 420f transmitted through the film 106. 

In one embodiment of the scanning stlation 400d, the light 420e and 420f 
comprises light within the infrared portion of the electromagnetic spectrum. In this 
embodiment, the sensor system 404e measures light 420e reflected from the front 
emulsion layer and light 420f transmitted through the film 106. The sensor system 
404f measures light 420f reflected from the jback emulsion layer and light 420e 

transmitted through the film 106. In general, the front measurement corresponds to 

i 

the blue signal, the back measurement corresponds to the red signal, and the through 
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measurement minus the front and back measurement corresponds to the green signal. 

In this embodiment, cross-talk exists between the emulsion layers, as the emulsion 

i 

layers are not spectrally unique using infrared ligllt 

i 

In the preferred embodiment of the scannjing station 400d, the sensor systems 
404e, 404f include a trilinear array of filtered detectors, and the light 420e and the 
light 420f comprises broadband white light and infrared light. The trilinear array 
operates to simultaneously measure the individual red, green, and blue components of 

the broadband white light 420e, 420f. The infrared light is measured separately and 

i 

can be measured through each filtered detector 4jl0 of the sensor systems 404e, 404f. 
The broadband white light 420e, 420f interacts with the silver and magenta, cyan, and 

yellow color dyes in the film 106, respectively, and the infrared light 420e, 420f 

i 

interacts with the silver within the film 106. Thfe reflected white light 420e measured 

i 

by the first sensor system 404e includes information corresponding to the yellow dye 
image and the silver in the blue emulsion layer of the film 106. In particular, the blue 
component of the broadband white light 420e pleasured by the blue detector of the 
sensor system 404e corresponds to the yellow dye image, and the non-blue 

! 

components of the broadband white light 420e measured by the red and green 

i 

detectors corresponds to the red and green dyq ! images and all the silver within the 
emulsion layers of the film 106. Similarly, the red component of the broadband white 
light 420f measured by the red detector of the sensor system 404f corresponds largely 
to the cyan dye image, and the non-red components of the broadband white light 420e 
measured by the blue and green detectors corresponds to the yellow and magenta dye 
images and all the silver within the emulsion layers of the film 106. The white light 

420e, 420f transmitted through the film 106 interacts with each color dye image and 

i 

silver within the film 1 06, and the red, green, and blue light components are measured 
by the red, green, and blue detectors of the sensor systems 404e, 404f to produce 

individual red, green and blue light records j that include the silver record. The 

i 

infrared light 420e reflected from the film 10i5 and measured by the sensor system 
404e corresponds largely to the silver in the bljue emulsion layer of the film 1 06, and 
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j 

the infrared light 420f reflected from the film 106 and measured by the sensor system 
404f largely corresponds to the silver in the red emulsion layer of the film 106, The 
infrared light 420e, 420f transmitted through the film 106 measured by the sensor 
systems 404e, 404f corresponds to the silver in the red, green, and blue emulsion 
5 layers of the film 106. The individual measurements of the sensor systems 404e, 404f 
are communicated to the data processing system 202 as sensor data 206ef. The data 
processing system 202 processes the sensor data 206ef and constructs the digital 
image 108 using the various sensor system measurements. For example, the blue 
signal value for each pixel can be calculated using the blue detector data from the 
10 reflected light 420e and the blue detector data! from the transmitted light 420f, as 

modified by non-blue detector data from the reflected light 420e, and the non-blue 

i 

detector data from the transmitted light 420e or 420f. The red and green signal values 
for each pixel can be similarly calculated using the various measurements. 

In another embodiment of the scanning station 400d, the sensor systems 404e, 

15 404f include a trilinear array of filtered detectors, and the light 420e and the light 420f 
comprises broadband white light. This embodiment of the scanning station 400d 
operates in a similar manner as discussed above,! with the exception that infrared light 
is not measured or used to calculate the digital injiage 108. 

Although the scanning station 400d is described in terms of a specific colors 

20 and color combinations of light 420e and light 420f, the light 420e and light 420f may 
comprise other suitable colors and color combinations of light without departing from 

the scope of the invention. Likewise, the scanning station 400d may comprise other 

j 

suitable devices and systems without departing fjrom the scope of the invention. 

i 
j 

Although various embodiments of the present invention has been shown and 
25 described in detail herein, along with certain variants thereof, many other varied 
embodiments that incorporate the teaching^ of the invention may be easily 

constructed by those skilled in the art. Accordingly, the present invention is not 

i 

intended to be limited to the specific form set .forth herein, but on the contrary, it is 

i 

intended to cover such alternatives, modifications, and equivalents, as can be 
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reasonably included within the spirit and scope of the invention. 



i 



i 
i 
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